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Methods and systems for processing chroma signals are dis-
closed. Aspects of one method may include compensating a
modulated chroma signal for distortions due to audio trap
filtering. The compensated chroma signal may be demodu-
lated to generate U and V chroma signals. The U and V
chroma signals may be low pass filtered, and then YC aligned.
YC alignment may comprise correcting portions of the U and
V chroma signals based on the luma signal. The correction
may be based on, for example, correlation between the U and
V chroma signals and the Y luma signal, and/or energy level
of the Y luma signal. The corrected U and V chroma signals
may be chroma sharpened, where a gain parameter may be
changed to change a transition slope for the U and V chroma
signals. The chroma sharpened signals may also be clamped
to reduce overshoot and undershoot.
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METHOD AND SYSTEM FOR PROCESSING
CHROMA SIGNALS

CROSS-REFERENCE TO RELATED
APPLICATIONS/INCORPORATION BY
REFERENCE

[Not Applicable]

FEDERALLY SPONSORED RESEARCH OR
DEVELOPMEN'T

[Not Applicable]

MICROFICHE/COPYRIGHT REFERENC.

L1

[Not Applicable]

FIELD OF THE INVENTION

Certain embodiments of the invention relate to processing,
video data. More specifically, certain embodiments of the
invention relate to a method and system for processing
chroma signals.

BACKGROUND OF THE INVENTION

One format for color encoding 1s the YUV format, where
the signals 1n the YUV format are derived from the RGB
format. The RGB color format 1s the color format captured by
the analog and digital cameras. The Y channel in YUYV 1s the
“luma” or luminance channel, which carries brightness infor-
mation, and 1s a sum of the R, G, and B color signals. The U
and V channels 1n the YUV {format are the chroma channels,
and carry the color information. The U channel carries blue
minus luma (B-Y) information, and the V channel carries red
minus luma (R-Y) information. Through a process called
“color space conversion,” the video camera converts the RGB
data captured by its sensors into either composite analog
signals (YUV) or component versions (analog Y PbPr or digi-
tal YCbCr). For rendering on a TV screen, these color spaces
are converted back to RGB format by the TV or display

system. Various standardized equations are used to represent
the conversion of RGB to YUV.

The original TV standard combined the luma (Y) channel
and both chroma channels (U and V) into one channel, which
1s known as “composite video.” An option known as
“S-video” or “Y/C video” keeps the luma channel separate
from the color channels, using one cable, but with separate
wires internally. S-video provides a bit sharper images than
composite video. When the luma channel and each of the
color channels (B-Y and R-Y) are maintained separately, 1t s
called “component video.” Component video 1s designated as
YPbPr when 1n the analog domain and YCbCr when 1n the
digital domain. In practice, YUV refers to the color difference
encoding format whether composite or component, and
“YUV,” *Y, B-Y, R-Y” and “YPbPr” are used interchange-
ably for analog signals. Sometimes, “YCbCr,” which 1s digi-
tal, may be used interchangeably as well.

Further limitations and disadvantages of conventional and
traditional approaches will become apparent to one of skill in
the art, through comparison of such systems with some
aspects of the present invention as set forth in the remainder of
the present application with reference to the drawings.
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2
BRIEF SUMMARY OF THE INVENTION

A system and/or method for processing chroma signals,
substantially as shown 1n and/or described 1n connection with
at least one of the figures, as set forth more completely 1n the
claims.

Various advantages, aspects and novel features of the
present invention, as well as details of an 1llustrated embodi-
ment thereot, will be more fully understood from the follow-
ing description and drawings.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

FIG. 11s an exemplary diagram of a portion of an electronic
device, 1n accordance with an embodiment of the invention.

FIG. 2 15 a block diagram illustrating exemplary IF video
processing circuitry, i accordance with an embodiment of
the mvention.

FIG. 3A 1s a diagram illustrating exemplary video ire-
quency spectrum, 1n connection with an embodiment of the
ivention.

FIG. 3B 1s an exemplary block diagram illustrating IF
compensation, in accordance with an embodiment of the
invention.

FIG. 3C 1s an exemplary block diagram illustrating IF
compensation, i accordance with an embodiment of the
invention.

FIG. 4A 1s an exemplary diagram illustrating undistorted
chroma signals, 1n connection with an embodiment of the
invention.

FIG. 4B 1s an exemplary diagram illustrating mitigating,
distortion in chroma signals, 1n accordance with an embodi-
ment of the mvention.

FIG. 5 1s an exemplary diagram illustrating sampling of
chroma and luma signals for use 1n alignment of the chroma
and luma signals, 1n accordance with an embodiment of the
invention.

FIG. 6 A comprises exemplary diagrams 1llustrating sharp-
cning with clamping logic, 1n accordance with an embodi-
ment of the imvention.

FIG. 6B comprises exemplary diagrams illustrating sharp-
eming with clamping logic, 1n accordance with an embodi-
ment of the imvention.

FIG. 7 1s a flow diagram 1llustrating exemplary steps for
processing chroma signals, 1n accordance with an embodi-
ment of the mvention.

DETAILED DESCRIPTION OF THE INVENTION

Certain embodiments of the invention may be found in a
method and system for processing chroma signals. Aspects of
the 1mvention may comprise compensating a modulated
chroma signal for distortions due to audio trap filtering. The
compensated chroma signal may be demodulated to generate
U and V chroma signals. The U and V chroma signals may be
low pass filtered, and then luma/chroma (YC) aligned. YC
alignment may comprise determining a correlation value for
corresponding portions of U and V chroma signals and a'’Y
luma signal. A correction signal may be generated based on
the correlation value, and the correction signal may be used to
replace a portion of each of the U and V chroma signals to
form corrected U and V chroma signals. The correlation value
may be, for example, a Pearson product moment correlation.
The generation of the correction signal may be based on, for
example, energy level of the Y luma signal. The corrected U
and V chroma signals may be chroma sharpened, where a gain
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parameter may be changed to change a transition slope for the
U and V chroma signals. The chroma sharpened signals may
also be clamped to reduce overshoot and/or undershoot.

FIG. 11s an exemplary diagram of a portion of an electronic
device, 1n accordance with an embodiment of the invention.
Referring to FIG. 1, there 1s shown an electronic device 100.
The electronic device 100 may comprise a RF front end 110,
an IF/baseband block 112, a processor 114, and a memory
block 116. The RF front end 110 may comprise suitable
circuitry and/or logic that may enable reception of transmit-
ted radio frequency (RF) signals. The received RF signals
may be demodulated and/or down-converted to intermediate
frequency (IF) signals. The IF signals may be communicated
to, for example, the IF/baseband block 112 for further pro-
cessing.

The IF/baseband block 112 may comprise suitable cir-
cuitry, logic, and/or code that may enable processing of the IF
signals from the RF front end 110. For example, the IF/base-
band block 112 may perform chroma demodulation to extract
the two chroma components U and V from the modulated
chroma signal. The IF/baseband block 112 may also separate
the video signals from audio signals using an audio trap filter.
However, various components of the video signals may be
distorted due to audio trap filtering and/or chroma demodu-
lation. Accordingly, the video signals may be processed by
the IF/baseband block 112 to compensate for the distortion.

The processor 114 may determine the mode of operation of
various portions of the electronic device 100. For example,
the processor 114 may select gain parameters 1n the IF/base-
band block 112 to allow optimization of video signal process-
ing by the IF/baseband block 112. The processor 114 may
also communicate instructions to the RF front end 110 to set
gain parameters and/or filtering parameters, for example. The
memory block 116 may be used to store image data that may
be processed and communicated by the IF/baseband block
112. The memory block 116 may also be used for storing code
and/or data that may be used by the processor 114. The
memory block 116 may also be used to store data for other
tfunctionalities of the electronic device 100. For example, the
memory block 114 may store data corresponding to voice
communication.

In operation, the processor 114 may set various parameters
for the RF front end 110 and the IF/baseband block 112. The
parameters may be determined by, for example, the type of
video signal being received. The video signal may be trans-
mitted in one of several standards, such as, NTSC, PAL, or
SECAM. The RF signals may be recerved by one or more
antennas (not shown), and the recetved RF signals may be
processed to resultin IF signals. The IF signals may be further
processed by the IF/baseband block 112. Processing the IF
signal, for example, to separate the video signal from the
audio signal, and chroma demodulation, may result in video
signal distortion. The IF/baseband block 112 may process the
video signals to alleviate some of this distortion. Additionally,
since the chroma components of the video RF signal may use
smaller bandwidth than the luma components, additional pro-
cessing may be useful for enhancing the quality of the chroma
components. The additional chroma processing may com-
prise, for example, “sharpening” the chroma signals. The
video IF signal processing 1s described 1n more detail with
respect to FIG. 2.

FIG. 2 1s a block diagram 1llustrating exemplary IF video
processing circuitry, i accordance with an embodiment of
the imnvention. Referring to FI1G. 2, there 1s shown the IF/base-
band block 112, which may comprise a compensation block
200, achroma demodulation block 202, a low pass filter block
204, a YC alignment block 206, and a chroma sharpening
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block 208. The compensation block 200 may comprise suit-
able logic, circuitry, and/or code that may enable recerving a
composite chroma signal and providing compensation to alle-
viate distortion due to audio trap filtering. The chroma
demodulator block 202 may comprise suitable logic, cir-
cuitry, and/or code that may enable demodulating a compos-
ite chroma signal to generate U and V chroma signals. The
low pass filter block 204 may comprise suitable logic, cir-
cuitry, and/or code that may enable filtering of signals so as to
attenuate signal frequencies above a threshold frequency. The
threshold frequency and the amount of attenuation may be
design and/or implementation dependent.

The YC alignment block 206 may comprise suitable logic,
circuitry, and/or code that may enable determining correla-
tion between the U and V chroma signals with a correspond-
ing Y luma signal. The correlation values may then be used to
generate portions of signals that may be used to replace por-
tions of the U and V chroma signals. The chroma sharpening
block 208 may comprise suitable logic, circuitry, and/or code
that may enable increasing a slope of falling and/or rising
edge, while minimizing overshoot and/or undershoot.

In operation, a RF video signal may be suitably amplified,
filtered, and down-converted to IF video signal in the RF front
end 110, for example. The IF/baseband block 112 may pro-
cess the IF signal to separate the composite chroma signal
from the luma signal, and turther process the separated com-
posite chroma signal and the luma signal. The composite
chroma signal and the luma signal may also be converted to
digital signals by an analog-to-digital converter (not shown),
if the RF signals are recerved as analog signals. The compen-
sation block 200 may provide compensation to the composite
chroma signal for distortions that may have been introduced
due to audio trap filtering during the modulation and/or
demodulation process. Some broadcast standards, such as,
for example, SECAM, may not introduce distortions to the
chroma signal due to audio trap filtering. Accordingly, the
compensation block 200 operation may be bypassed for those
signals.

The compensated composite chroma signal may then be
demodulated by the chroma demodulation block 202 to gen-
erate U and V chroma signals. The U and V chroma signals
may be low pass filtered by the low pass filter block 204, and
the low pass filtered U and V chroma signals may be commu-
nicated to the YC alignment block 206. The Y luma signal
may also be low pass filtered by the low pass filter block 204.
Filtering by the low pass filter block 204 may, for example,
attenuate high-frequency distortions in the U and V chroma
signals and may reduce noise sensitivity to noise for the Y
luma signal during YC alignment. However, the low pass
filtering parameters for the Y luma signal may not be the same
as the low pass filtering parameters for the U and V chroma
signals. This may be to avoid providing high correlation
everywhere between the U and V chroma signals and the Y
luma signal, with the result that the YC alignment block 206
may over-correct perceived distortions.

The YC alignment block 206 may determine correlation
between the U and V chroma signals and the Y luma signal.
Depending on the correlation, the YC alignment block 206
may generate a signal portion using a portion of the Y luma
signal. The generated signal portion may then be used to
replace a corresponding signal portion of the U and V chroma
signals. This may be useful, for example, because the com-
posite chroma signal may use a smaller portion of a television
channel bandwidth than a luma signal. Accordingly, the com-
posite chroma signal may be more susceptible to interference
and noise distortions. Additionally, the composite chroma
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signal may have more distortions because of a need for asym-
metric frequency spectrum around a chroma sub-carrier due
to audio trap filtering.

The YC aligned U and V chroma signals, which may be
referred to as corrected chroma signals, may then be commu-
nicated to the chroma sharpening block 208. The chroma
sharpening block 208 may function similarly to the compen-
sation block 200. However, the chroma sharpening block 208
may also provide adaptive clamping to reduce overshoot and/
or undershoot of the U and V chroma signals. Overshoots and
undershoots may be undesirable since they may introduce
visible artifacts such as “false colors™ to displayed video.

FIG. 3A 1s a diagram 1llustrating exemplary video 1re-
quency spectrum, 1n connection with an embodiment of the
invention. Referring to FIG. 3 A, there 1s shown a diagram of
a color signal spectrum as defined by the National Television
System Committee (NTSC) for broadcasting in the US, and
other countries. The spectrum 300 may comprise a 6 MHz
bandwidth per channel, where 5.33 MHz bandwidth 302
ranging from O to 5.33 MHz may be used for luma signal
transmission. A 2 MHz bandwidth 304 ranging from 3.33
MHz to 5.33 MHz may be used for chroma signal transmis-
sion. The chroma signal may be modulated about a chroma
sub-carrier frequency of 4.83 MHz. Accordingly, the chroma
spectrum may be asymmetric about the chroma sub-carrier
frequency of 4.83 MHz. A 25 KHz bandwidth 306 about an
audio sub-carrier frequency of 5.75 MHz may be used for
audio signal transmission.

The compensation block 200 and the chroma sharpening,
block 208 may provide compensation for signal attenuation
due to signal roll-off for the high frequencies of the 2 MHz
bandwidth 304. The signal roll-off may be due to filtering of
the video signals by an audio trap filter (not shown) during a
modulation and/or demodulation of the television signals.

While an NTSC standard television spectrum may have
been described, the invention need not be so limited. Various
embodiments of the invention may also be used for other
transmission standards, such as, for example, PAL.

FIG. 3B 1s an exemplary block diagram illustrating IF
compensation, in accordance with an embodiment of the
invention. Referring to FIG. 3B, there 1s shown an compen-
sation block 320 that may comprise a low pass filter block
322, adder blocks 324 and 328, and variable gain amplifier
block 326. The compensation block 320 may be similar to the
compensation block 200.

The low pass filter block 322 may comprise suitable logic,
circuitry, and/or code that may enable attenuating signal lev-
¢ls above a threshold frequency. The threshold frequency and
the amount of attenuation may be design and/or implemen-
tation dependent. The adder blocks 324 and 328 may com-
prise suitable logic, circuitry, and/or code that may enable
receiving two signals and summing the two signals to gener-
ate an output signal. The variable gain amplifier block 326
may comprise suitable logic, circuitry, and/or code that may
enable amplification of an input signal to generate an output
signal. The gain of the variable gain amplifier block 326 may
be controlled by a processor such as, for example, the pro-
cessor 114.

In operation, an original input signal IFin may be filtered
by the low pass filter block 322. The output of the low pass
filter block 322 may then be mverted and communicated to
the adder block 324. The adder block 324 may then add the
signal from the low pass filter block 322 to the original signal
IFin. Accordingly, the output of the adder block 324 may be
the high frequency signals that were filtered out by the low
pass filter block 322. The high frequency signals may be
amplified by a specified gain by the variable gain amplifier
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block 326. The gain of the variable gain amplifier block 326
may be adjusted to compensate for effects of different audio
trap filters. The amplified high frequency signals may be
added to the original input signal IFin by the adder block 328.
Accordingly, the output of the adder block 328 may provide
compensation for the higher frequencies of the original 1nput
signal IFin, which may have been attenuated. This compen-
sation 1s described further with respect to FIGS. 6 A and 6B.

FIG. 3C 1s an exemplary block diagram illustrating IF
compensation, in accordance with an embodiment of the
invention. Referring to FIG. 3C, there 1s shown a compensa-
tion block 340 that may comprise a high pass filter block 342,
a variable gain amplifier block 344, and an adder block 346.
The IF compensation block 320 may be similar to the com-
pensation block 200. The high pass filter block 342 may
comprise suitable logic, circuitry, and/or code that may
cnable attenuating signal levels below a threshold frequency.
The threshold frequency and the amount of attenuation may
be design and/or implementation dependent. The variable
gain amplifier block 344 and the adder block 346 may be
similar to the corresponding blocks described with respect to
FIG. 3B.

In operation, the original input signal IFin may be filtered
by the high pass filter block 342. The high frequency signal
output by the high pass filter block 342 may be communicated
to the vanable gain amplifier block 344. The high frequency
signals may be amplified by a specified gain by the variable
gain amplifier block 344. The gain of the vanable gain ampli-
fier block 344 may be adjusted to compensate for effects of
different audio trap filters. The amplified high frequency sig-
nals may be added to the original input signal IFin by the
adder block 346. Accordingly, the output of the adder block
346 may provide compensation for the higher frequencies of
the original input signal IFin, which may have been attenu-
ated. The IF compensation 1s described further with respect to
FIG. 6.

FIG. 4A 1s an exemplary diagram illustrating undistorted
chroma signals, 1n connection with an embodiment of the
invention. Referring to FIG. 4A, there 1s shown an exemplary
diagram of a chroma signal 400 and an exemplary diagram of
a corresponding luma signal 402. The chroma signal 400 and
the luma signal 402 may be, for example, the luma and
chroma signals before being modulated to RE. Accordingly,
the chroma signal 400 may not be distorted by the audio trap
filter. The chroma signal 400 may, for example, transition at
time instant 400 from a low level to a high level. At time
instant T1, the chroma signal 400 may be stable at the high
level. Sitmilarly, the luma signal may transition from a high
level to a low level at the time instant T0, and may reach a
stable low level at the time instant 402.

FIG. 4B 1s an exemplary diagram illustrating mitigating,
distortion in chroma signals, 1n accordance with an embodi-
ment of the invention. Reterring to FIG. 4B, there 1s shown a
distorted chroma signal 410 and a relatively undistorted luma
signal 412. The luma signal may still transition from a high
level to a low level during the time period marked by the time
instants T0 and T1. However, the distorted chroma signal 410
may take a longer time to transition from a low level to a high
level. The longer transition time for the rising edge, or simi-
larly, for a falling edge, of the chroma signal 410 and the
non-linear transition may introduce visible artifacts to a
viewer. Accordingly, various embodiments of the mvention
may reduce the transition time of the chroma signal to be
closer to the transition time of the luma signal.

The YC alignment block 206 may utilize portions of the
relatively clean and distortion free luma signal 412 to gener-
ate corrected signal portions that may be used to replace the
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distorted and noisy portions of the chroma signal 410. The
result may be, for example, the corrected chroma signal 414.
An exemplary function for generating the original chroma
signal 400 may be, for example:

C-::*c}rre cted (‘x) —d * Y (x) + b ( 1 )

C. . oeres (X) may be the chroma signal 410 that was corrected
using the luma signal Y(x). The variables ‘a’ and ‘b’ may
comprise scaling and shifting parameters. The corrected por-
tion may then replace the noisy portion of the chroma signal
410, and the result may be the corrected chroma signal 414.

Since the chroma and luma signals may be digital signals,
the Equation (1) may be re-written as:

Ccarrecred/k] =a*Y /k] +b. (2)

Where ‘K’ may indicate sample points for the digital chroma
and luma signals. However, the method described by the
equations above may be utilized, for example, 1n 1nstances
when the chroma and luma signals may be “similar” or cor-
related. Accordingly, the CY alignment block 206 may deter-
mine correlation between corresponding portions of the U
and V chroma signals and the Y luma signal. The similarity
measure may be made using Pearson product moment corre-
lation v, and the value of the Pearson product moment corre-
lation v may be a correlation confidence that may indicate
whether to generate a “corrected” chroma component to
replace the noisy portion of the chroma signal.

An exemplary algorithm may be used as follows:

if (correlation_confidence>threshold value)

Ccarrecred/k]:a $Y/k]+b:

else

C-::*c}rre cied /k] - C/k] -
However, this algorithm may be further refined to reduce the
fixed threshold_value. For example, the correlation confi-
dence measure, which may be represented by ‘c.,” may be
used as follows:

Ceorrecreal KI=0 @ Y[k[+D)+(1-a)*C[K]; (3)

where ’s range may be [0, 1]. An exemplary method of

computation of the correlation confidence measure a and

ailine transform parameters ‘a’ and ‘b’ may be described with
respect to FIG. 3.

FIG. 5 1s an exemplary diagram illustrating sampling of

chroma and luma signals for use 1n alignment of the chroma
and luma si1gnals, 1n accordance with an embodiment of the

invention. Referring to FIG. 3§, there 1s shown a series of

samples 500q . . . 5005 of the chroma signal 500 and the luma
signal 502. The samples may comprise, for example, pixels.
There 1s also shown a luma signal 504 whose transition 1s
smaller than the transition of the luma signal 502.

The following discussion may apply to the chroma and
luma signals 500 and 502, respectively, as well as to the
chroma and luma signals 500 and 504, respectively. A pixel at
the position n=k may use N pixels before 1t and N pixels after
it to generate the correlation confidence measure o and the
alline transform parameters ‘a’” and ‘b.” Accordingly, the
2N+1 pixels used may indicate a window size of 2N+1. The
method for determining the correlation confidence measure ¢
and the afline transform parameters ‘a’ and ‘b’ may comprise
generating a Pearson product moment correlation coefficient
v whose value may range from [-1, 1]. The Pearson product
moment correlation coetficient y may be defined as follows:
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COV(C, Y) (4)
}f' =
vV Var(C)Var(Y)
( A N N 3\
2N +1)- Z C[k+f]-Y[k+f]—ZC[k+f]- Z Y[k + i)
\ =N — =N )

N N 2
[(2N+1)- > Cz[k+.i]—(z C[k+i]]]
=N '

N N 2
\((2N+1)- )y Yz[k+.i]—(z Y2[k+f]]]
i=—N

i=—N

M -Syc(k) —Sclk)-Sy(k)
(M-S 2 (k) = (Sct)P)M - Sy2 (k) — (Sy (k)P)

where

M=2N+1
N
2
i=—N
N
2,

i=—N

Sy(k)= > Y[k +1i]

Sctky= > Clh+1]
N

S 2 (k) = Z C2k + §]
I=—N

N
S, 2 (k) = Z Y2[k + i]
i=—N

Y[k +i]- Clk + i]

[NM]=

Syclk) =
—

where M may be the window size, Sy(k) may be the local sum
of luma, and S (k) may be the local sum of chroma. Sy*(k)
may be a local sum of luma squared, Sc*(k) may be a local
sum of chroma squared, and Syc(k) may be a local sum of a
cross-product of luma and chroma.

The Pearson product moment correlation coetficient y may
take the value of 1 or -1 when the chroma and luma signals
are affine transform of each other. However, since the corre-
lation confidence measure . may be a non-negative number,
the Pearson product moment correlation coelficient v may be
squared and used as the correlation confidence measure.

2 (3)

&
Il
\.“:).

_ (M -Syc(k) - Sc(k) - Sy (k))°
(M -Sca (k) = (ScUD?)(M - Sy2 (k) = (Sy (k))?)

Using the squared Pearson product moment correlation
removes the squared root in the denominator, thus making
calculations simpler.

The following equations may need to be solved to find the
ailine transform parameters (a, b):

C/k-Nj=a-Y[k-N]+b

C/O]=a Y/Ol+b

Clk+N]=a-Y[k+N]+b (6)

As 1t 1s unlikely that there will be unique (a, b) for the Equa-
tions (6), least squares optimization may be used to find (a, b)
that minimizes error:
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N (7)
argmin\/ > elk +i]?

(a.b) =—/

where

e[k-N]=C fk-N]~-(a-Y[k-N]+b)
e[0]=C/0]-(a-Y/O]+b)

€[k+N]=C[k+N|-(a- Y[k+N]+b) (8)

To solve for the optimization problem presented above, the
following matrix equations may be used:

N (9)

. ) Y A
argmmz glk +i]° = argming £
(@b) =N

(a,b)

where

£ =7-AX

Y[k-N] 1°
Y[k-N+1] 1

(10)

Y[k+N-1] 1
Y[k+N] 1

e[k =N]
e[k =N +1]

t
Il

e[k +N —1]
| glk+ N]

" clk = N]
clk =N + 1]

clk +N —1]
[k + N]

The mimmum mean-square estimation value may then be
found by solving

Y

de & B
Az
%(ETE) - %((E’—AE)T-(E—AE)) (h

d v + ., T .. _T.r T,
=—(x ATAR - AR - ATCG 4+ r:)

dx
—2ATAX —2A77

Accordingly, the following (a, b) values may minimize the
above errors.
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S 1T (12)
Xuse = (ATA) TATE =

AMSE ]

b sk

The above equation may be simplified to:

(M -Syc(k) = Sy(k)-Scik))
M -Sy2 (k) = (Sy (k)

(=Sy(k)-Syc(k) +5,2(k)-Sc(k))
M-Sy (k) — (Sy(k))*

(13)

QASE =

busg =

It may be noted that all the elements needed to compute the (a,
b) pair in Equation (13) are exactly the same as those need for
computing the correlation confidence measure o—Ilocal sum,
local sum of squares, local sum of cross products. The calcu-
lation of values may be design dependent, for example, via
hardware and/or software. Accordingly, the Equations (3),

(3), and (13) may enable generation of signal components
C

corrected”

Furthermore, the effects of the low pass filter block 204
may improve the quality of the correlation confidence mea-
sure o. and the afline transform parameters [a, b] by filtering
the U and V chroma signals and the Y luma signal to remove
some of the high frequency noises 1n the signals.

In certain mstances, a denominator 1n the Equation (5) or
(13) may become zero. For example, M-S ,2(k)-(S ,(k))* may
be zero or M-S 2(k)-(S ~(k))* may be zero. In instances when
the luma signal 1s flat, that 1s, 1t has zero variance, M-S;2(k)—
(S,(k))* may be zero. In these instances, there may not be a
need for YC alignment. Accordingly the parameters ., a, and
b may be set to zeros. In 1nstances when the chroma signal 1s
flat, M-S 2(k)-(S ~k))* may be zero. In these instances, the
Pearson product moment correlation vy may be zero by defi-
nition. Accordingly, there may be no need for YC alignment
and the parameters o, a, and b may again be set to zeros. The
algorithm may therefore comprise the following portion:

If (M- Sy2 (k) - (Sy(k))” == 0) Il (M - Se2 (k) = (S c(k))* == 0){
C k] = Clk];

h

corrected [

A property of the Pearson product moment correlation
coelficient 1s that it 1s scale-invariant. That 1s, the Pearson
product moment correlation coelificient remains the same
even when the vertical scale of etther signal 1s changed. This
property may be useful when the luma signal 1s noisy. How-
ever, the alfine parameters [a, b] may change depending on
the vertical scale of the luma signal transition. For example,
the luma signal 502 may transition more than the luma signal
504 1n a same period of time. Accordingly, the Pearson prod-
uct moment correlation coeflicient v may remain the same for
the chroma signal 500 and the luma signal 502, as for the
chroma signal 500 and the luma signal 502. However, the
scaling parameter ‘a’ for the chroma signal 500 and the luma
signal 502 may be very different from the scaling parameter
‘a’ for the chroma signal 500 and the luma signal 504. The
scaling parameter ‘a’ may be very small or very large,
depending on the luma signal, while the dynamic range may
be fixed.

Thus, 1f the luma signal 1s noisy to begin with, the estimate
for the scaling parameter ‘a’may not be very reliable. Accord-
ingly, the YC alignment may be suppressed when the luma
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signal has small energy. This may be done by moditying the
correlation confidence measure . based on the luma energy.
A lookup table may also be used to suppress YC alignment in
instances where there may be low correlation confidence
measures although the change in the luma signal may not be
considered to be small. The look-up table may, for example,
take 1nto account the correlation confidence measure o and/or
the magnitude of change 1n luma. The lookup table may be
design dependent.

Shown below 1s an exemplary algornithm for taking into
account various luma energy levels:

if (M - Sy2 (k) - (Sy(k))* < Th1){
a = 0;

1 else if (M - S;2 (k) - (Sy(k))* <Th2) {
a=qa/32;

Lelse if (M - S32 (k) — (S¢(k))* <Th3) {
a=a/16;

Lelseif (M- S;2 (k) - (SHk))* < Th4) {
a=ca/&;

}else {

; // Do nothing

h

where the thresholds Thl, Th2, Th3, and Th4 may be changed

by, for example, the processor 114. The number of thresholds,
the setting of the thresholds, and/or the resulting correlation
confidence measure . may be design dependent.

The corrected chroma signal may also be limited, for

example, by an adaptive clamping function. The adaptive
clamping function may be defined as:

Ceorrecteal K| =CLAMP(C o ocreal KT, CLR] -8 TC[K]+
gT); (13)
where CLAMP(X, lo, h1) may be a function limiting ‘x’ within
therange [lo, hi], and 1" 1s a fixed constant. The parameter ‘g’
may determine how much the corrected chroma signal may
vary from the original distorted chroma signal.

FIGS. 6A and 6B comprise exemplary diagrams illustrat-
ing sharpening with clamping logic, i accordance with an
embodiment of the invention. Referring to FIGS. 6 A and 6B,
there 1s shown an original signal 600, alow pass filtered signal
602, and a compensated signal 604. There 1s also shown a
compensated signal 606 that may be the result of compensa-
tion to the original signal 600 by a compensation circuit. The
compensation circuit may be similar to, for example, the
compensation block 320 that comprises the low pass filter
block 322. The low pass filter block 322 may filter glitches
that may be introduced by the YC alignment block 206. The
compensation block 320 may filter out unnecessary glitches
without sacrificing the sharpness recovered by the YC align-
ment. The difference between the slope of the compensated
signal 604 and the compensated signal 606 may be, for
example, gain of the variable gain amplifier block 326. The
greater the gain, the sharper the slope of the compensated
signal. However, the higher gain may also introduce over-
shoot and undershoot that may be visible as visible artifacts.

To reduce overshoot and undershoot while allowing high
gain, an adaptive clamping algorithm may be used. The adap-
tive clamping algorithm may determine clamping values that
may limit the range of the high-frequency components by the
mimmum and maximum values of the neighboring values of
the mput signal. A clamping window, whose size may be
changed, may be used to determine the clamping values. An
embodiment of the mvention may allow the clamping win-
dow to comprise those pixels that are within the transition
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region of the signal being processed. An exemplary adaptive
clamping algorithm 1s described by the pseudo-code below:

// Sharpening Algorithm with Clamping Logic

high freq value = org_signal[t] - Ipf_signal[t];

// Computing the min and max value around ‘org_signallt]’
// given a window size, which 1s programmable.

min_val = find_min(org_signal, t, clamp_window_size);
max_val = find_max(org signal, t, clamp_window_size);
new_signal[t] = clamp(org_signal, gain*high freq value,
min_val, max_val);

Thevarniable high_freq_value may be the result of subtracting
alow-pass filtered signal Ip1_signal[t] {from the original signal
org_signal[t] that was low-pass filtered. The variable min_val
may be the minimum value found in the clamping window,
and the variable max_val may be the maximum clamping
value found 1n the clamping window. The variable new_sig-
nal may be the new signal generated.

FIG. 7 1s a flow diagram 1llustrating exemplary steps for
processing chroma signals, 1n accordance with an embodi-
ment of the mvention. Referring to FIG. 7, there 1s shown
steps 700 to 708. In step 700, the compensation block 200
may provide compensation to the composite chroma signal
for distortions that may have been introduced, for example,
due to audio trap filtering during the modulation and/or
demodulation process. In step 702, the compensated compos-
ite chroma signal may then be demodulated by the chroma
demodulation block 202 to generate U and V chroma signals.
In step 704, the U and V chroma signals may be low pass
filtered by the low pass filter block 204, and the low pass
filtered U and V chroma signals may be communicated to the
YC alignment block 206. The Y luma signal may also be low
pass filtered by the low pass filter block 204. Filtering by the
low pass filter block 204 may, for example, attenuate high-
frequency distortions 1n the U and V chroma signals and may
reduce noise sensitivity to noise for the Y luma signal during
YC alignment.

In step 706, the YC alignment block 206 may determine
correlation between the U and V chroma signals and the Y
luma signal. Depending on the correlation, the YC alignment
block 206 may generate a signal portion using a portion of the
Y luma signal. The generated signal portion may then be used
to replace a corresponding signal portion of the U and V
chroma signals. This may be useful, for example, because the
composite chroma signal may use a smaller portion of a
television channel bandwidth than a luma signal. Accord-
ingly, the composite chroma signal may be more susceptible
to interference and noise distortions. Additionally, the com-
posite chroma signal may have more distortions because of a

need for asymmetric frequency spectrum around a chroma
sub-carrier due to audio trap filtering.

In step 708, the YC aligned U and V chroma signals may
then be commumnicated to the chroma sharpening block 208.
The chroma sharpening block 208 may function similarly to
the compensation block 200. The chroma sharpening block
208 may also provide adaptive clamping to reduce overshoot
and undershoot of the U and V chroma signals. Overshoots
and undershoots may be undesirable since they may intro-
duce visible artifacts such as “false colors” to displayed
video.

Accordingly, the algorithm for CY aligning and chroma
sharpening may be described by:
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// compute S;2 (), Sy (k), S 2 (K), S (K), Sy (k)

i (M- S32 (k) = (Sy () == 0) 1| (M- S 2 (K) = (S¢ (K))? == 0){
Coomrecreal K] = CLK]:

Felse {

/f Compute o and (a, b)

/f Adjusting a based on the luma variance

if (M - Sy2 (k) - (Sy (k))” < Th1){
a=0;

1 else if (M - Sy2 (k) — (Sy (k) <Th2) {
a=a/32;

1 else if (M - Sy2 (k) - (Sy(k))* < Th3) {
a=a/16;

1 else if (M - Sy2 (k) — (Sy (k))? <Th4) {
a=aa/&;

}else {

; // Do nothing

h

// Apply the LUT for alpha

/f Correcting the chroma value

Ceorrecreal K] = @ - (2 - Y[k] +b) + (1 - a) - C[k];

/f Clamping the correction value

Ceorrecreal k] = CLAMP(C k], Clk] - g- T, Ck] + g - T);
// LPF to remove potential glitches from YC alignment

corrected [

In accordance with an embodiment of the invention,
aspects ol an exemplary system may comprise, for example,
the compensation block 200 that may enable amplitying high
frequency signal levels of a modulated chroma signal to com-
pensate for distortions due to audio trap filtering. The com-
pensation block 200 may comprise, for example, a low pass
filter 322 or a high pass filter 342. The compensated chroma
signal may then be communicated to the chroma demodula-
tion block 202, which may enable generation of U and V
chroma signals. The U and V chroma signals may be filtered
by the low pass filter block 204. AY luma signal may also be
filtered by the low pass filter block 204. However, the char-
acteristics of low pass filtering of the U and V chroma signals
may not necessarily be the same as the characteristics of the
low pass filtering of the Y luma signal. Accordingly, the low
pass liltering block 204 may comprise separate filters for
filtering the U and V chroma signals and for filtering the Y

luma signal.

The filtered U and V chroma signals may then be commu-
nicated to the YC alignment block 206, which may determine
a correlation value for corresponding portions of U and V
chroma signals and the Y luma signal. The correlation value
may comprise, for example, a Pearson product moment cor-
relation. The YC alignment block 206 may generate correc-
tion signal for the U and V chroma signals based on the
correlation value and/or energy level of the Y luma signal,
when the correlation value 1s more than a threshold value. The
YC alignment block 206 may replace portions of the U and V
chroma signals with the generated corrected signal, when the
correlation value 1s more than a threshold value.

The corrected U and V chroma signals may be communi-
cated to the chroma sharpening block 208. The U and V
chroma signals may be processed by the chroma sharpening
block 208. The processing may comprise, for example,
increasing a slope of transitions, or chroma sharpening, and
also clamping the sharpened chroma signals to reduce over-
shoot and undershoot. The chroma sharpening block 208 may
control chroma sharpening by changing a gain parameter for
an amplifier.

In some embodiment of the YC alignment block, for
example, each of the U and V chroma signals may each be
correlated to theY luma signal, and a correction signal may be
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generated for each of the U and V chroma signals indepen-
dently. Various embodiments of the mnvention may also com-
pare the correlation using U and V chroma signals, and select
one to provide correction for both the UandV chroma signals.
Various other embodiments of the mvention may perform
correlation on only one of the U and V chroma signals, and
use that correlation to provide correction for both U and V
chroma signals.

Another embodiment of the invention may provide a
machine-readable storage, having stored thereon, a computer
program having at least one code section executable by a
machine, thereby causing the machine to perform the steps as
described above for processing chroma signals.

Accordingly, the present invention may be realized 1n hard-
ware, software, or a combination of hardware and software.
The present invention may be realized 1n a centralized fashion
in at least one computer system, or 1n a distributed fashion
where different elements are spread across several intercon-
nected computer systems. Any kind of computer system or
other apparatus adapted for carrying out the methods
described herein 1s suited. A typical combination of hardware
and software may be a general-purpose computer system with
a computer program that, when being loaded and executed,
controls the computer system such that 1t carries out the
methods described herein.

The present invention may also be embedded 1n a computer
program product, which comprises all the features enabling
the implementation of the methods described herein, and
which when loaded 1n a computer system 1s able to carry out
these methods. Computer program in the present context
means any expression, in any language, code or notation, of a
set of instructions intended to cause a system having an infor-
mation processing capability to perform a particular function
either directly or after either or both of the following: a)
conversion to another language, code or notation; b) repro-
duction 1n a different material form.

While the present invention has been described with refer-
ence to certain embodiments, 1t will be understood by those
skilled 1n the art that various changes may be made and
equivalents may be substituted without departing from the
scope ol the present 1invention. In addition, many modifica-
tions may be made to adapt a particular situation or material
to the teachings of the present invention without departing
from 1ts scope. Therelore, 1t1s intended that the present mnven-
tion not be limited to the particular embodiment disclosed,
but that the present invention will comprise all embodiments
falling within the scope of the appended claims.

What 1s claimed 1s:
1. A method for video processing, the method comprising:
determining a correlation value for corresponding portions
of U and V chroma signals and a luma signal;
generating a correction signal by scaling, shifting, or scal-
ing and shifting said luma signal;
replacing each of said U and V chroma signals with said
correction signal when said correlation value 1s more
than a threshold value; and
performing chroma sharpening with adaptive clamping for
said U and V chroma signals after said U and V chroma
signals are replaced with said correction signal, when
said correlation value 1s more than said threshold value.
2. The method according to claim 1, wherein said correla-
tion value comprises a Pearson product moment correlation.
3. The method according to claim 1, comprising processing,
a modulated chroma signal to compensate for distortions due
to audio trap filtering, prior to generating said correction
signal.
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4. The method according to claim 3, wherein said process-
ing comprises one of low pass filtering or high pass filtering.

5. The method according to claim 3, comprising demodu-
lating said modulated chroma signal to generate said U and V
chroma signals.

6. The method according to claim 1, comprising low pass
filtering said U and V chroma signals prior to determining
said correlation value.

7. The method according to claim 1, comprising perform-
ing chroma sharpening with adaptive clamping for said U and
V chroma signals after generation of said correction signal,
when said correlation value 1s not more than said threshold
value.

8. The method according to claim 7, comprising varying a
gain parameter used in said chroma sharpening with adaptive
clamping.

9. The method according to claim 1, wherein said correc-
tion signal corresponds to a scaled and shifted version of said
luma signal.

10. A system for video processing, the system comprising:

one or more circuits configured to determine a correlation

value for corresponding portions of U and V chroma
signals and a luma signal;

said one or more circuits configured to generate a correc-

tion signal by scaling, shifting, or scaling and shifting
said luma signal;

said one or more circuits configured to replace each of said

U and V chroma signals with said correction signal,
when said correlation value 1s more than a threshold
value; and

said one or more circuits are configured to perform chroma

sharpening with adaptive clamping for said U and V
chroma signals after said U and V chroma signals are
replaced with said correction signal, when said correla-
tion value 1s more than said threshold value.

11. The system according to claim 10, wherein said corre-
lation value comprises a Pearson product moment correla-
tion.

12. The system according to claim 10, wherein said one or
more circuits are configured to process a modulated chroma
signal to compensate for distortions due to audio trap filter-
ing, prior to generating said correction signal.

13. The system according to claim 12, wherein said pro-
cessing comprises one of low pass filtering or high pass
filtering.

14. The system according to claim 12, wherein said one or
more circuits are configured to generate said U and V chroma
signals from said modulated chroma signal.

15. The system according to claim 10, wherein said one or
more circuits are configured to perform low pass filtering of
said U and V chroma signals prior to determiming said corre-
lation value.

16. The system according to claim 10, wherein said one or
more circuits are configured to perform chroma sharpening,
with adaptive clamping for said U and V chroma signals after
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generation of said correction signal, when said correlation
value 1s not more than said threshold value.

17. The system according to claim 16, wherein said one or
more circuits are configured to change a gain parameter used
in said chroma sharpening with adaptive clamping.

18. The system according to claim 10, wherein said cor-

rection signal corresponds to a scaled and shifted version of
said luma signal.

19. A system for video processing, the system comprising:

one or more circuits configured to perform intermediate
frequency (IF) compensation of a composite chroma
signal;

said one or more circuits configured to perform low pass
filtering of U and V chroma signals, wherein said U and
V chroma signals are dertved from said composite
chroma signal;

said one or more circuits configured to perform luma/
chroma (YC) alignment of said low pass filtered U and V
chroma signals; and

said one or more circuits configured to perform chroma
sharpening with adaptive clamping of said YC aligned
low pass filtered U and V chroma signals after said low
pass filtered U and V chroma signals are replaced with a
correction signal generated by scaling or shifting corre-
sponding luma signal, when a correlation value of said
low pass filtered U and V chroma signals and said cor-
responding luma signal 1s more than a threshold value,
wherein said adaptive clamping being performed based
at least 1n part on a high frequency value determined by
subtracting said low pass filtered U and V chroma sig-
nals from said U and V chroma signals.

20. A method for video processing, the method compris-
ng:
intermediate frequency (IF) compensating a composite
chroma signal;

demodulating said composite chroma signal to generate U
and V chroma signals;

low pass filtering said U and V chroma signals;

luma/chroma (YC) aligning said low pass filtered U and V
chroma signals; and

performing chroma sharpeming with adaptive clamping of
said YC aligned low pass filtered U and V chroma signals
after said low pass filtered U and V chroma signals are
replaced with a correction signal generated by scaling or
shifting corresponding luma signal, when a correlation
value of said low pass filtered U and V chroma signals
and said corresponding luma signal 1s more than a
threshold value, wherein said adaptive clamping being
performed based at least 1n part on a high frequency
value determined by subtracting said low pass filtered U
and V chroma signals from said U and V chroma signals.

¥ o # ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

